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Learning objectives
You will learn:

• Guidance from the recently published European Society of Hypertension (ESH) 
recommendations for the use of office and out-of-office blood pressure (BP) measurement

• The evidence base underpinning the appropriate use of office and out-of-office BP 
measurement in the diagnosis and monitoring of hypertension

• The advantages of both home and ambulatory BP monitoring and the benefits of using 
automated electronic measurement devices.

Introduction
Of 5 000 people surveyed as part of a community May Measurement Month in South 
Africa in 2019, 30% were found to be hypertensive with 50% being unaware of this; 
only 50% of those who knew they were hypertensive were receiving treatment and 
of these, 50% were uncontrolled. The high number of individuals with undiagnosed 
and uncontrolled treated hypertension highlights the need for campaigns to increase 
hypertension awareness and control.1 Although many effective antihypertensive 
medications exist, a large proportion of individuals remain untreated or uncontrolled 
with limited access to treatment; key factors include low awareness and lack of 
adequate hypertension screening facilities.
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Masked 
uncontrolled 
hypertension 
is associated 
with increased 
cardiovascular risk 
in both untreated 
and treated patients

The risks associated with white coat and masked hypertension

Meta-analysis of the International Database 
of HOme blood pressure in relation to 
Cardiovascular Outcome (IDHOCO) of 
6 458 patients has indicated that white coat 
hypertension as assessed by HBPM is a car-
diovascular risk factor in untreated, but not 
treated, hypertension. Masked uncontrolled 
hypertension is associated with increased car-
diovascular risk in both untreated and treated 

patients (Figure 2).3 The Didima study of 
HBPM and office measurement in the general 
population, with a 19-year follow-up, showed 
that average HBPM predicted total mortality 
and cardiovascular disease as reliably as office 
BP measurement. Of note, only normoten-
sion was associated with a low risk of adverse 
outcomes.4

Accurate BP measurement is the cornerstone of diagnosing hypertension and monitoring 
the treatment thereof. Supporting the aim of facilitating quality of care and reducing 
associated costs, the ESH recently issued clear guidance for the use of office and out-of-office 
BP measurement. With a special focus on home and remote patient monitoring, Professor 
Stergiou and Dr Motara focus on the evidence base that supports the new ESH guidance as 
well as the availability of validated automated BP monitoring solutions in South Africa.

Diagnosing hypertension – what is the role of 
home BP monitoring? 
When one compares the accuracy of home 
BP monitoring (HBPM) and ambulatory BP 
monitoring (ABPM) in diagnosing sustained 
hypertension, the white coat phenomenon 
and masked hypertension in untreated and 
treated patients, HBPM is shown to be a reli-
able alternative, having substantial diagnostic 

agreement with ABPM (Figure 1).2 Up to 
one-third of patients have masked hyperten-
sion or the white coat phenomenon, both 
of which are not easily detected using office 
BP measurement, and this can give rise to a 
misleading diagnosis.

Figure 1. Assessment of treated and untreated patients using HBPM and ABPM2

NT: normotensive; WCP: white coat phenomenon; MH: masked hypertension; SH: sustained hypertension

These data underpin 
the call to action 
on the use of and 
reimbursement for 
HBPM, as it has 
the potential to 
improve quality of 
care while reducing 
costs
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Systematic review and meta-analysis of 
outcomes trials using HBPM show that the 
prognostic value of HBPM (systolic and 
diastolic) is superior to that of office meas-
urements. Furthermore, HBPM retains its 
prognostic ability after adjustment for office 
measurements, but office measurement loses 
significance after adjustment for HBPM. 

Systematic review has detected a statistically 
significant improvement in adherence to anti-
hypertensive medication in those who self-
monitor their BP.5,6 These data underpin the 
call to action on the use of and reimburse-
ment for HBPM, as it has the potential to 
improve quality of care while reducing costs.

Figure 2. IDHOCO - Survival curves for cardiovascular events (A, B) and for total mortality (C, D) in untreated (A, C) 
and treated (B, D) white coat, masked and sustained hypertension3
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Masked HT 404 381 319 139 61 232 220 150 73 53
White coat HT 695 667 586 273 130 230 220 179 86 57
NT 2 984 2 926 2 687 1 340 686 328 311 247 144 103

Number at risk
Sustained HT 924 860 627 142 60 661 600 382 117 62
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White coat HT 695 657 568 263 122 230 214 170 80 50
NT 2 984 2 904 2 642 1 302 665 328 301 237 134 98
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Among hypertensive 
patients at high risk 
of cardiovascular 
disease, HBPM with 
self-titration of 
antihypertensive 
medication 
compared with 
usual care resulted 
in lower systolic BP 
at 12 months

What about reporting bias with HBPM?

Modern technology can, at a low cost, solve 
the issue of reporting bias with HBPM; 
several validated electronic devices with 
automated memory and/or a PC/mobile link 
can eliminate bias by reporting average and 
variations in BP, and save on the long-term 
cost of treatment associated with the white 
coat phenomenon.7 The clinical usefulness 
and cost-effectiveness of HBPM in asso-
ciation with telemedicine (HBPT) has been 
examined in several studies. Meta-analysis 
of 23 randomised controlled trials (RCTs) 
on the effectiveness of HBPT versus usual 
care show that it may be a useful tool to 
improve hypertension control and associated 

healthcare outcomes.8 TASMINH4, an 
unmasked RCT, found that when HBPM, 
with or without telemonitoring, was used by 
general practitioners to titrate antihyperten-
sive medication in individuals with poorly 
controlled BP, this led to significantly low-
ered BP (8-9/3mmHg) than titration guided 
by clinic readings (Figure 3).9 TASMIN-SR, 
a primary care based, unblinded, RCT of 
self-management of BP compared to usual 
care found that among hypertensive patients 
at high risk of cardiovascular disease, HBPM 
with self-titration of antihypertensive medi-
cation compared with usual care resulted in 
lower systolic BP at 12 months.10

Figure 3. Subgroup analyses for the change in systolic BP from baseline to 12 months: (A) HBPM vs usual care and 
(B) telemonitoring vs usual care9

N
Difference in mean 

systolic blood pressure 
(95% CI)

p value
Difference in blood pressure change  

from baseline (mmHg)

A Self-monitoring vs usual care
Age group (years) 0.8648

<68 332 –3.85 (–7.09 to –0.61)
>68 344 –3.24 (–6.53 to 0.05)

Sex 0.0611
Female 320 –6.09 (–9.49 to –2.68)
Male 366 –1.30 (–4.46 to 1.85)

Blood pressure target group 0.6226
Diabetes 53 –0.02 (–8.33 to 8.30)
Elderly 48 –4.34 (–13.67 to 4.39)
Standard 575 –3.78 (–6.29 to –1.28)

IMD score 0.7150
Centile <10.39 337 –3.08 (–6.40 to 0.24)
Centile >10.39 330 –4.08 (–7.37 to –0.79)

History of cardiovascular disease 0.2096
No 617 –3.96 (–6.38 to –1.55)
Yes 57 1.24 (–6.74 to 9.23)

Summary 678 –3.52 (–5.83 to –1.20) 0.0029
B Telemonitoring vs usual care
Age group (years) 0.3671

<68 336 –3.76 (–7.02 to –0.50)
>68 339 –5.66 (–8.94 to –2.39)

Sex 0.4174
Female 311 –5.90 (–9.31 to –2.49)
Male 364 –3.67 (–6.82 to –0.51)

Blood pressure target group 0.7667
Diabetes 56 –3.10 (–11.12 to 4.92)
Elderly 51 –3.26 (–11.68 to 5.16)
Standard 568 –5.03 (–7.55 to –2.51)

IMD score 0.1636
Centile <10.39 319 –2.79 (–6.06 to 0.47)
Centile >10.39 341 –6.40 (–9.79 to –3.01)

History of cardiovascular disease 0.5363
No 617 –4.50 (–6.92 to –2.08)
Yes 57 –6.83 (–14.80 to 1.13)

Summary 675 –4.70 (–7.02 to –2.39) <0.0001

Favours self-monitoring or telemonitoring

–15 –12.5–10 10–5 50–7.5 7.5–2.5 2.5

Favours usual care
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HBPM alone 
is as reliable 
in monitoring 
the effects of 
antihypertensive 
drug treatment 
on BP control and 
preclinical target 
organ damage at 12 
months

Is ABPM the gold standard?
ABPM and HBPM have several similarities 
but also major differences. A study compar-
ing hypertension management based on 
combined clinic and ABPM or on HBPM 
alone suggests that HBPM alone is as reli-
able in monitoring the effects of antihyper-
tensive drug treatment on BP control and 
on preclinical target organ damage at 12 
months.11 Furthermore, cost estimation of 
this approach finds that using HBPM alone 
for the first year of hypertension management 
is cheaper than the combined approach, with 
this trend observed in five-year projection.12 

Patient preference studies have found that in 
answer to a direct question, 81% of subjects 
preferred HBPM to ABPM in the United 
Kingdom,13 finding the device more comfort-
able to use; in Greece, HBPM was found to 
be superior to ABPM in terms of overall 
acceptance and preference by hypertensive 
patients, who found the HBPM device easier 
to use.14 

Can HBPM detect non-dippers? 
Whereas assessment of nocturnal BP and 
detection of non-dippers have been consid-
ered a unique advantage of ABPM, HBPM 
appears to be a reliable alternative with 74% 
agreement in detecting non-dippers (Figures 4 

and 5).15 Systematic review and meta-analysis 
of six studies comparing night-time ABPM 
and HBPM presented similar values and a 
comparable relationship with target-organ 
damage.16

Figure 4. Comparison of awake and asleep HBPM and ABPM15
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Can HBPM be used to assess drug effects? 
A study investigated the differences in the 
effect of an angiotensin converting enzyme 
inhibitor (ACEI) compared with an angioten-
sin receptor blocker (ARB) on BP measured 
in the clinic with HBPM and ABPM. It found 
HBPM (>90%) to be as reliable as ABPM 
(86%) for detecting differences in the effect of 
drugs on both BP and pulse pressure (Figure 

6). Clinic measurements seemed to be the 
least reliable method.17 In terms of assessing 
duration of action of antihypertensive drugs, 
when comparing the ABPM trough-to-peak 
ratio with the HBPM morning-to-evening 
ratio, longer duration of effect was observed 
with HBPM (Figure 7).18 

DD: dippers by both methods; DN: dipper by ABPM and non-dipper by HBPM; ND: non-dipper by ABPM and dipper by HBPM; NN: non-dippers by both methods

Figure 5. Agreement between HBPM and ABPM in the diagnosis of non-dippers15

Figure 6. Study power curves for clinic BP measurement, ABPM and HBPM in comparing the effect of two different 
drugs on systolic BP17
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Ideally we should 
use both HBPM and 
ABPM, recommends 
Professor Stergiou

When to use ABPM and/or HBPM
ABPM is more appropriate for initial diag-
nosis as it gives 24-hour unbiased results and 
its use requires no training. HBPM is more 
appropriate for long-term follow-up of hyper-
tension, it is generally more widely available 
than ABPM and it is well accepted among 
the patient population; this has the advantage 
of improving long-term compliance with 
treatment. 

Ideally we should use both HBPM and 
ABPM, recommends Professor Stergiou. 
Evidence from the PAMELA study indicates 
that use of both methods identifies a group of 
patients with partial white coat hypertension 

who, compared with normotensive subjects, 
exhibit a marked increase in adjusted risk 
of developing sustained hypertension over a 
10-year period, with an elevated cardiovas-
cular risk (Figure 8).19 The 17-year follow-up 
Ohasama study20 of long-term stroke risk due 
to partial white coat or masked hypertension 
based on HBPM or ABPM found that the 
impact of these phenotypes was comparable 
to those of complete masked hypertension or 
sustained hypertension; the investigators con-
clude that both HBPM and 24-hour ABPM 
are required for accurate evaluation of stroke 
risk (Figure 9). 

Figure 7. HBPM and ABPM assessment of the duration of action of antihypertensive medication18

Figure 8. Prognosis of white coat hypertension diagnosed by ABPM, ESH-guided HBPM, or both19
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Office measurement 
does not have the 
diagnostic accuracy 
to exclude white 
coat or masked 
hypertension in 
those with office 
BP 120-160/80-
100mmHg

What do the guidelines say?
In 2017, the American College of Cardiology 
and the American Heart Association (AHA) 
recommended the use of out-of-office BP 
monitoring (ABPM and HBPM) to con-
firm the diagnosis of hypertension and for 
the titration of BP-lowering medication. 
These recommendations also state that office 
measurement does not have the diagnostic 
accuracy to exclude white coat or masked 
hypertension in those with office BP 120-
160/80-100mmHg. Currently, the AHA 
recommends HBPM for all people with high 
BP to help the healthcare provider deter-
mine whether treatments are working. The 
2018 European Society of Cardiology and 
ESH guidelines21 recommended out-of-office 
measurements for those with high-normal 

BP 130-139/85-89mmHg to exclude masked 
hypertension.

Primary care data indicate major barriers to 
out-of-office BP measurement. In terms of 
HBPM there are concerns by doctors that 
patients may not measure correctly and may 
become preoccupied with their BP; afford-
ability of the device is an issue in many 
populations. Cost is a primary issue with 
ABPM; it also takes time for the physician to 
fit the device and then download the informa-
tion the next day and explain it to the patient. 
Lack of infrastructure, including limited 
access to the devices, can pose barriers to its 
use.22-24

MHT: masked hypertension; SHT: sustained hypertension; WCHT: white coat hypertension

Figure 9. Survival function estimates for stroke incidence by hypertension group20
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With regard to 
HBPM devices, the 
ESH prefers an 
electronic upper-
arm cuff device that 
has been properly 
validated and has 
automated storage 
and averaging, 
or mobile 
phone, computer 
or internet 
connectivity

Only devices that 
have been validated 
using an established 
protocol should 
be used for all BP 
measurements – 
office, HBPM and 
ABPM

2021 ESH practice guidelines for office and out-of-office BP 
measurement
Healthcare providers may lack confidence in 
their skills and knowledge on how to inter-
pret the results of both HBPM and ABPM; 
in response to this need, the ESH recently 
published its 2021 practice guidelines for 
office and out-of-office BP measurement.25 

Indications for HBPM are:
• Initial diagnosis

 » Confirm hypertension
 » Detect white coat and masked 

hypertension
• Treated hypertension - unless incapable or 

unwilling or anxious with self-monitoring
 » Identify white coat and masked 

hypertension

 » Titration of treatment
 » Monitoring of long-term control
 » Improve patient compliance.

With regard to HBPM devices, the ESH 
prefers an electronic upper-arm cuff device 
that has been properly validated and has 
automated storage and averaging, or mobile 
phone, computer or internet connectivity. 
Wrist devices, including auscultatory and 
wristband wearables, and cuffless devices 
are not recommended for HBPM. Table 
1 outlines the ESH guidance for HBPM 
interpretation.

Table 1. ESH guidance for HBPM interpretation25

• Prefer automated report or averaging, otherwise use a log book

• Seven-day HBPM (≥3 days, ≥12 readings)

• Discard first day’s readings, calculate average of remainder 

• Individual readings have little diagnostic accuracy

• Diagnosis – average HBPM ≥135/85mmHg.

Automated electronic devices are recommended 
for all BP measurements
A collaboration statement on a univer-
sal standard for the validation of cuff  BP 
measuring devices26 was published in 2018. 
Only devices that have been validated using 
an established protocol should be used for 
all BP measurements – office, HBPM and 
ABPM. STRIDE BP, an international scien-
tific non-profit organisation with the mission 
of improving diagnosis and management of 
hypertension, lists validated devices on its 
website www.stridebp.org; currently only 8% 
of BP monitoring devices on the market are 
approved by STRIDE BP. 

In South Africa, KardioFit offers validated 
BP cuffs that are linked to an app enabling 
a cloud-based monitoring solution. The 

KardioFit app is based on World Health 
Organization BP recommendations and can 
be used to consult graphs and history, receive 
monthly reports, set automated measurement 
and medication reminders and share data 
with the patient’s doctor/family; it also offers 
an SOS link to ER24 support. The app has 
been designed to support not only BP moni-
toring, but also to provide support for other 
chronic diseases such as diabetes, asthma and 
obesity; in addition, it includes a patient well-
being programme. Over-and-above numerous 
useful practice management features such as 
electronic prescribing, medicine management 
and telehealth, it also allows the clinician to 
access a population/practice dashboard that 
flags patients who are not well controlled.

http://www.denovomedica.com
http://www.stridebp.org
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There is currently 
no consensus 
on a validation 
protocol specific 
to such cuffless 
devices and the ESH 
therefore currently 
recommends that 
they not be used 
for diagnostic or 
treatment decisions

Cuffless, wearable BP monitors

There are many cuffless wristband devices 
that claim to measure BP accurately using a 
sensor that evaluates the pulsation of arteri-
oles and estimate BP based upon pulse wave 
velocity or other technologies. Although these 
devices have good potential for HBPM and 
for the screening of the healthy population, 
special validation issues centre around the 
requirement for calibration, questions about 

accuracy post-calibration and stability until 
recalibration; they may not have the same 
accuracy in tracking BP changes.27.28 There 
is currently no consensus on a validation 
protocol specific to such cuffless devices and 
the ESH therefore currently recommends that 
they not be used for diagnostic or treatment 
decisions.

COVID-19 – An HBPM opportunity
COVID-19 has provided the opportunity to 
promote the use of HBPM and many stud-
ies examining the role of and opportunities 
for improvement of HBPM in the context 

of virtual healthcare, including text messag-
ing and smartphone apps, have recently been 
published. 

Key learnings

• There is a need to increase hypertension awareness and control

• Accurate BP measurement is the cornerstone of diagnosis and monitoring of hypertension

• HBPM has substantial diagnostic agreement with ABPM for sustained, masked and white coat 
hypertension

• White coat hypertension in untreated individuals and masked uncontrolled hypertension are associated 
with elevated cardiovascular risk and all-cause mortality

• The prognostic value of HBPM is superior to office measurement and improves adherence to medication

• HBPM is a reliable alternative to ABPM for detecting non-dippers

• The ESH’s recently published practice guidelines on the appropriate use of office and out-of-office BP 
measurement

• Validated automated BP measurement devices available in South Africa can eliminate reporting bias with 
HBPM, among numerous other advantages.
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